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TITLE OF THE INVENTION 
CAMERA SYSTEM AND CAMERA 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

[0001] The present invention relates to a camera system, a 
camera and a lens apparatus attachable to a camera, 
particularly, having an automatic focusing (AF) function. 

2. DESCRIPTION OF RELATED ART 

[0002] In a single-lens reflex camera to which a lens is 
interchangeable, a phase difference detection method is 
frequently used for detecting the focusing state of the 
image-taking optical system. 

[0003] According to the phase difference detection method, 
a luminous flux incident through the lens is separated into 
two luminous fluxes, and the luminous fluxes are made 
incident on a pair of two AF sensors, respectively. The AF 
sensors photoelectrically convert the images formed by the 
separated luminous fluxes. The relationship between the 
outputs from the two AF sensors, that is, the distance 
between the two images differs according to the focusing 
state, that is, differs between front focus and rear focus, 
and focusing is performed by moving the focusing lens so 
that the distance between the images becomes the distance of 
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the in-focus state. 

[0004] That is, since the relationship between the shift 
amount between the two images and the image plane movement 
amount, the so-called defocus amount, depends on the image- 
taking optical system, the defocus amount is obtained from 
the shift amount. Then, the movement amount of the focusing 
lens is obtained from the defocus amount, and the focusing 
lens is moved, thereby obtaining an in-focus state. 
[0005] In digital still cameras and digital video cameras 
in which images are captured in a two-dimensional image 
pickup device and the image signals thereof are outputted or 
recorded onto a recording medium, a contrast detection 
method and a focus detection method called a hill-climbing 
method are frequently used. In the contrast detection method, 
since the detectable range of the defocus amount is smaller 
than that of the phase difference detection method, focus 
detection is performed, for example, as represented below: 
[0006] An example of the contrast detection method is a 
wobbling method. According to this method, image light is 
captured in the image pickup portion, and the high-frequency 
components of the outputted image signals are extracted. The 
highest value of the extracted signals is stored. Then, the 
focusing lens is moved in a certain direction, and image 
light is captured and the high-frequency components are 
extracted in a similar manner. When the highest value of the 
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extracted signals becomes higher than the stored value, 
determining that the movement direction of the focusing lens 
is approaching the in-focus position, the current value is 
re-stored, and the focusing lens is moved in the same 
direction. When the current highest value is lower than the 
previous one, determining that the movement direction of the 
focusing lens is moving away from the in-focus position, the 
current value is re-stored, and the focusing lens is moved 
in the direction opposite to the previous direction. In this 
manner, extraction of the high-frequency components and 
comparison between the highest values are performed, and the 
focusing lens is moved so that the image plane ' is finally 
brought into the in-focus position. 

[0007] Another example of focus detection methods using 

the contrast detection method is a trial-and-error method 

(including a whole area scanning method) . According to this 
method, the focusing lens is sent to the close end or the 
infinity end and is moved assuming the sent position as the 
starting position, and image light is captured in the image 
pickup portion in a certain distance between the image 
planes. Then, the captured image light is photoelectrically 
converted into image signals, the high-frequency components 
of the image signals are extracted, and the highest value 
thereof is stored. This operation is repeated until the 
infinity end is reached when the starting point is the close 
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end and until the close end is reached when the starting 
point is the infinity end. Then, the highest one of the 
stored plural highest values, that is, the focus position 
where the contrast is highest is obtained, and the focusing 
lens is moved to a position corresponding to the point. 
[0008] Examples of cameras performing focus detection by 
the above-described two methods, the phase difference 
detection method and the contrast detection method, include 
cameras proposed in Japanese Patent Application Laid-Open No. 
H7 (1995) -43605 and Japanese Patent Application Laid-Open No. 
H9 (1997) -181954 . Japanese Patent Application Laid-Open No. 
H9 (1997) -181954 proposes a camera performing hybrid AF by 
the phase difference detection method and the contrast 
detection method by use of the outputs of the image pickup 
device of an electronic still camera. 

[0009] As another AF method, AF by an active method is 
known. According to this method, light is projected onto the 
object, the reflected light is detected by a sensor, and the 
defocus amount is calculated from the position of the 
reflected light. 

[0010] However, when only the AF system using the phase 
difference detection method is used for digital still 
cameras, the ratio of the image pickup surface corresponding 
to one pixel of the AF sensor is high compared to that of 
film cameras. That is, the detection pixel is coarse and 
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this decreases the accuracy of AF. 

[0011] To solve this problem, it is necessary to decrease 
the magnification of the AF optical system and reduce the 
pixel pitch of the AF sensor. However, doing these is 
difficult in view of the structure and accuracy and 
increases the cost. 

[0012] On the other hand, according to the AF system using 
only the contrast detection method, since the detectable 
range of the defocus amount is smaller than that of the 
phase difference detection method, when the object is 
largely out of focus, focus detection is difficult and the 
above-mentioned wobbling and whole area scanning are 
essential, which increases the time required for focus 
detection. 

[0013] Moreover, according to the AF system using both the 
phase difference detection method and the contrast detection 
method, since lens driving by the phase difference detection 
method is performed and after it is confirmed that in-focus 
state is obtained, AF is performed in the vicinity thereof 
by the contrast detection method, highly accurate focusing 
control can be performed. However, compared to the case 
where only the phase difference detection method is used, 
additional time is required because of the time required for 
the lens driving by the contrast method. Moreover, if the 
lens driving direction is reversed while the lens is being 



CFV00107 AAFA 



- 6 - 

driven by the contrast detection method, the camera operator 
may experience a sense of discomfort. 

[0014] Further, according to the active method, there are 
cases where the defocus amount cannot be correctly 
calculated for some objects. In such cases, it is necessary 
to use another method in combination with the active method. 

SUMMARY OF THE INVENTION 

[0015] An object of the present invention is to provide a 
camera system, a camera and a lens apparatus in which two 
kinds of AF methods, the phase difference detection method 
or the active method and the contrast detection method are 
used, the behavior of the focusing lens is stabilized to 
thereby shorten the time required for obtaining the in-focus 
state, and highly accurate focusing is achieved without the 
camera operator experiencing a sense of discomfort. 
[0016] To achieve the above-mentioned object, one aspect 
of the camera system which comprises a lens apparatus which 
is provided with an image-taking optical system including a 
focusing lens and a camera to on which the lens apparatus is 
mounted. The camera system comprises a first focus detection 
unit and a second focus detection unit which detect a 
focusing state of the image-taking optical system by methods 
different from each other, and a controller which controls 
driving of the focusing lens. The controller calculates a 
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target driving amount of the focusing lens based on a result 
of the detection by the first focus detection unit, and 
performs a first driving control to drive the focusing lens 
toward a position corresponding to the target driving amount 
and a second driving control to drive the focusing lens 
based on a result of the detection by the second focus 
detection unit. The controller switches from the first 
driving control to the second driving control when a 
remaining driving amount to the target driving amount of the 
focusing lens by the first driving control becomes a 
predetermined amount . 

[0017] Further, one aspect of the camera of the present 

invention comprises a first focus detection unit and a 
second focus detection unit which detect the focusing state 
of the image-taking optical system including a focusing lens 
by methods different from each other, and a controller which 
controls driving of the focusing lens. The controller 
calculates a target driving amount of the focusing lens 
based on a result of the detection by the first focus 
detection unit, and performs a first driving control to 
drive the focusing lens toward a position corresponding to 
the target driving amount and a second driving control to 
drive the focusing lens based on a result of the detection 
by the second focus detection unit. The controller switches 
from the first driving control to the second driving control 
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without stopping the focusing lens when a remaining driving 
amount to the target driving amount of the focusing lens by 
the first driving control becomes a predetermined amount. 
[0018] Further, one aspect of the lens apparatus which can 
be attachable to a camera comprises a first focus detection 
unit and a second focus detection unit which detect the 
focusing state of the image-taking optical system by methods 
different from each other. The lens apparatus comprises the 
image-taking optical system including a focusing lens, and a 
controller which controls driving of the focusing lens based 
on information obtained from the camera. The controller 
performs a first driving control to drive the focusing lens 
toward a position corresponding to information on a target 
driving amount of the focusing lens calculated based on a 
result of the detection by the first focus detection unit in 
the camera and a second driving control to drive the 
focusing lens based on a result of the detection by the 
second focus detection unit. The controller switches from 
the first driving control to the second driving control 
without stopping the focusing lens when a remaining driving 
amount to the target driving amount of the focusing lens by 
the first driving control becomes a predetermined amount. 
[0019] Features of the camera system, the camera and the 
lens apparatus of the present invention will become clear 
from the following description of concrete embodiments with 
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reference to the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Fig. 1 is a block diagram showing the structure of 
a camera system according to Embodiment 1 of the present 
invention; 

[0021] Figs. 2A through 2B are flowcharts showing the AF 
operation of the camera system of Embodiment 1; 

[0022] Fig. 3 is a view showing a relationship between the 
driving speed of the focusing lens and the lens position in 
the camera system of Embodiment 1; 

[0023] Fig. 4 is a table showing information on the focus 
sensitivity stored in an interchangeable lens included in 
the camera system of Embodiment 1; 

[0024] Fig. 5 is a block diagram showing the structure of 
a camera system according to Embodiment 2 of the present 
invention; and 

[0025] Fig. 6 is a block diagram showing the structure of 
a camera which has a lens apparatus integrally according to 
Embodiment 3 of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0026] Hereinafter, preferred embodiments of the invention 

will be described in detail with reference to the drawings. 
[0027] (Embodiment 1) 
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Fig. 1 shows the structure of a camera system according 
to Embodiment 1. In Fig. 1, reference numeral 100 represents 
a digital still camera, and reference numeral 200 represents 
an interchangeable lens mounted on the camera 100. The 
digital still camera 100 and the interchangeable lens 200 
constitute the camera system of the present embodiment. 
[0028] A luminous flux from an object 300 enters the 

camera 100 through a image-taking optical system including a 
front optical system 201, a zoom lens unit 202 serving as a 
variable power optical system, a focusing lens unit 203 and 
a diaphragm (stop) 204 in the interchangeable lens 200. The 
interchangeable lens 200 of the present embodiment is a zoom 
lens system having a focal length of 28 to 200 mm and a 
minimum f-number of 3.5 to 5.6, whose minimum f-number 
varies according to the focal length, and having a focus 
driving unit (composed of a motor and its driving circuit) 
208 driving the focusing lens unit 203. 

[0029] Reference numeral 205 represents a diaphragm 

driving circuit controlling the aperture diameter of the 
diaphragm 204 based on a signal from a lens controller 207 
comprising a CPU or an MPU. Reference numeral 206 represents 
an operation circuit enabling operations of zooming, 
focusing and the diaphragm and setting of switching between 
automatic focusing and manual focusing by a manually 
operated switch. 
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[0030] The lens controller 207 communicates various kinds 
of information with a camera controller 111 comprising a CPU 
or an MPU through a lens communications circuit 211 and a 
camera communications circuit 102, and performs overall 
control of the lens 100. 

[0031] Reference numeral 212 represents a focusing lens 

position sensor. The focusing lens position sensor 212 has a 
pulse generator (comprising, for example, a slit plate 
having a plurality of slits formed in the circumferential 
direction and rotating as the motor rotates, and a 
photointerrupter generating a signal by receiving light 
having passed through the slits) generating a pulse signal 
as the focus driving unit 208 rotates. The lens controller 
207 is capable of detecting the rotation amount of the motor 
of the focus driving unit 208, that is, the movement amount 
of the focusing lens unit 203 by counting the pulse signal 
from the focusing lens position sensor 212, and of detecting 
the speed of the motor and the focusing lens unit 203 by 
detecting the period of the pulse signal. 

[0032] Moreover, the focus driving unit 208 drives the 

focusing lens unit 203 in the direction of the optical axis 
in response to the signal from the lens controller 207. The 
lens controller 207 performs control so that the focusing 
lens unit 203 is driven to a target position and stopped at 
the position based on the count value of the pulse signal 
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from the focusing lens position sensor 212. 

[0033] Reference numeral 209 is a focal length sensor. The 
movement range of the zoom lens unit 202 is divided into 32 
zones, and the focal length sensor 209 detects in which of 
the 32 zones the zoom lens unit 202 is situated. 
Specifically, the focal length sensor 209 is structured so 
that an electric armature (a brush or the like) slides on a 
gray code pattern (fixed to the interchangeable lens body) 
corresponding to the 32 divided zones together with the zoom 
lens unit 202, and a signal in accordance with the position 
of the electric armature on the gray code pattern is 
outputted. 

[0034] Reference numeral 210 represents a storage circuit 
comprising a ROM or the like in which the identification 
number (ID) and the focal length information unique to the 
interchangeable lens 200 of the present embodiment, the 
focus sensitivity which is the ratio of the image plane 
movement amount to the movement amount of the focusing lens 
unit 203, and the like (see Figs. 2) are stored for each 
divided zone of the focal length. The information stored in 
the storage circuit 210 can be read out at any time by the 
lens controller 207. 

[0035] The luminous flux having entered the camera 100 

through the interchangeable lens 200 passes through a prism 
101 incorporating a stationary half mirror 101a, and forms 
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an image on the image pickup surface of an image pickup 
device 108. The image pickup device 108 comprises a 
photoelectric conversion element such as a CCD or a CMOS 
sensor. In the prism 101, part of the luminous flux (1/3 in 
the present embodiment) branches in a vertical direction, 
and is made incident on a pentaprism 103. 

[0036] A first focus detection unit 104 is disposed on the 
optical path (not shown) branching from the optical path 
headed toward a finder optical system 10 6 in the pentaprism 
103. The first focus detection unit 104 detects the focusing 
state of the image-taking optical system by the phase 
difference detection method. In the present embodiment, a 
luminous flux of F8 is used, this luminous flux is divided 
into two, and the images formed by the two luminous fluxes 
are detected by a pair of non-illustrated line sensors. The 
detection signals from the line sensors are inputted into 
the camera controller 111. 

[0037] Light having passed through the pentaprism 103 

passes through the finder optical system 106 and is visually 
recognized as an optical finder image by the camera operator 
(not shown) . 

[0038] The output signals obtained by photoelectric 

conversion by the image pickup device 108 are amplified by a 
non-illustrated image processing circuit, and are inputted 
into the camera controller 111 as digital image signals. In 
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the camera system of the present embodiment, a moving image 
or a still image is formed by use of the image signals. The 
moving image or the still image is recorded onto a non- 
illustrated recording medium such as a semiconductor memory, 
a magnetic disk or an optical disk, or is displayed on a 
display unit 112 such as a liquid crystal display panel, 
[0039] The digitized image signals are also inputted into 
an AF processing circuit 109 as a second focus detection 
unit in addition to being transmitted to the camera 
controller 111. In the AF processing circuit 109, receiving 
the inputted digital image signals, the high-frequency 
components of a frame size of image data are extracted 
through a high-pass filter (HPF) or the like, and 
calculation processing such as accumulative addition is 
performed thereon. By this, the AF evaluation value 
corresponding to the contour component amount of the high- 
frequency side and the like is calculated, and AF control by 
the contrast detection method can be performed. The AF 
evaluation value is inputted into the camera controller 111 
as an indicator of the focusing state of the image-taking 
optical system. 

[0040] As described above, the present camera system is a 
system provided with a hybrid AF having two kinds of focus 
detection units one of which uses the phase difference 
detection method and the other of which uses the contrast 
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detection method. 

[0041] In the camera system of the present embodiment, the 
camera controller 111 and the lens controller 207 function 
as an integral controller performing AF control in a 
cooperative manner. In the AF control, first, the camera 
controller 111 calculates the defocus amount of the image- 
taking optical system by the phase difference detection 
method, and calculates the target driving amount for driving 
the focusing lens unit 203 to the in-focus position based on 
the defocus amount and the sensitivity information stored in 
the storage circuit 210. Then, the camera controller 111 
transmits the information on the target driving amount and 
the driving direction headed toward the in-focus position to 
the lens controller 207 through the communications circuits 
102 and 211. Receiving these pieces of information, the lens 
controller 207 drives the focusing lens unit 203 toward the 
in-focus position (position corresponding to the target 
driving amount) . Hereinafter, this will be referred to as a 
first driving control of the focusing lens unit. 
[0042] Then, the camera controller 111 performs AF 

evaluation value calculation by the contrast detection 
method at an amount, which is slightly short of the 
predetermined target driving amount (that is, when the 
remaining driving amount becomes the predetermined amount) , 
and transmits the result of the calculation to the lens 
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controller 207. The lens controller 207 drives the focusing 
lens unit 203 at a predetermined low speed mentioned later 
based on the AF evaluation value calculated by the contrast 
detection method and transmitted from the camera controller 
111. In this manner, an in-focus state is obtained. 
Hereinafter, this will be referred to as a second driving 
control of the focusing lens unit. 

[0043] Reference numeral 105 represents a photometry unit 
which transmits photometry information to the camera 
controller 111. Since focusing control is performed by 
varying the charge accumulation time of the image pickup 
device 108 based on the photometry information, the driving 
speed of the focusing lens unit 203 based on the contrast 
detection method is determined by the sensitivity 
information (image plane movement speed) of the focusing 
lens unit 203 and the photometry information (the charge 
accumulation time of the image pickup device 108) . 
[0044] That is, the driving speed (hereinafter, referred 
to as a - predetermined speed) of the focusing lens unit 203 
at the time of the second driving control during AF by the 
contrast detection method is a speed where the focusing lens 
unit 203 is driven at an image plane speed where the defocus 
amount calculation and in-focus state determination can be 
performed in the charge accumulation time of the image 
pickup device. Normally, this speed is low compared to that 
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at the time of the first driving control during AF by the 
phase difference detection method. 

[0045] Reference numeral 107 represents a release switch 
comprising a two-step switch. At a first-step depression, an 
SW1 signal starting photometry, focus detection and focusing 
is outputted, and at a second-step depression, an SW2 signal 
starting exposure recording by the image pickup device 108 
is outputted. The SW1 signal and the SW2 signal are inputted 
into the camera controller 111. 

[0046] The camera controller 111 and the lens controller 
207 perform AF control of the present camera system. 
Moreover, the camera controller 111 performs a variety of 
controls such as communications with the lens controller 207, 
control of the display unit 112 such as an LCD, control of 
the input from a setting circuit 113 for setting various 
operation modes of the camera, checking of the remaining 
capacity of a power source 110 and distribution of power to 
the interchangeable lens 200. In the present embodiment, 
buffer memories for image signals and the like are also 
included in the camera controller 111. 

[0047] In film-based single-lens reflex cameras, the film 
format is fixed, the permissible diameter of the circle of 
confusion is generally 35 pm, and the stopping accuracy of 
the focusing lens unit and the like are set in accordance 
therewith. However, in digital still camera systems like 
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that of the present embodiment, the area of the image pickup 
device 108 (image plane size) differs among cameras and is 
not fixed. Moreover, when the pixel pitch (pixel size) of 
the image pickup device 108 differs among cameras, the 
permissible diameter of the circle of confusion also differs, 
so that the required AF accuracy itself differs among 
cameras. Further, a stopping accuracy of the focusing lens 
unit higher than that of film-based single-lens reflex 
cameras is generally required. This is for the following 
reasons : 

(1) the area of the image pickup device is smaller than 
the taking area of the film; and 

(2) the output image size can be increased at the 
camera operator's discretion by the digital still camera. 
[0048] In the present embodiment, the permissible diameter 
of circle of confusion corresponding to the pixel pitch is 
set as 18 pm (corresponding to approximately two pixels in 
each of the vertical and horizontal directions since one 
point is expressed by four pixels) . This is because even if 
focus detection and focusing control finer than this are 
performed, it has no effect on the output image since the 
point image is within the pixel range. It is to be noted 
that when the pixel size is small, the accuracy (permissible 
diameter of circle of confusion) is necessarily increased 
accordingly. 
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[0049] Fig. 4 shows the focus sensitivity FS in each of 
the 32 focal length zones stored in the storage circuit 210 
in the interchangeable lens 200. The product of the movement 
amount of the focusing lens unit 203 multiplied by the 
sensitivity is the actual image plane movement amount,' and 
focusing control is performed based on this image plane 
movement amount . 

[0050] Fig. 3 shows the actual focusing operation in the 
present embodiment by a relationship between the movement 
amount and the speed of the focusing lens unit 203. 
[0051] First, the focusing lens unit 203 is accelerated 

toward the position (E in Fig. 3; hereinafter, referred to 
as target driving position) corresponding to the target 
driving amount calculated by the first focus detection unit 
104 by the phase difference detection method (between A and 
B) . The target driving amount as mentioned here is defined 
by the number of pulse signals outputted from the focusing 
lens position sensor 212. 

[0052] Then, the focusing lens unit 203 is driven at a 

constant speed with a maximum speed VI determined by 
conditions such as the photometry value and the focus 
sensitivity (between B and C) . While the focusing lens unit 
203 is being driven at this speed, focus detection by the 
phase difference detection method is repeated as many times 
as possible (shown by F2 to F4 in Fig. 3), thereby 
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appropriately correcting the target driving position. This 
is called an overlap control. 

[0053] Then, in order that focus detection by the contrast 
detection method by the AF processing circuit 109 (second 
focus detection unit) can be started at the point in time 
when the remaining driving amount to the target driving 
position becomes a predetermined amount (twenty pulses in 
the present embodiment), the focusing lens unit 203 is 
decelerated to the above-mentioned predetermined speed from 
the position slightly short of the target position (between 
C and D) . 

[0054] Then, from the position (D) , which is 20 pulses 

short of the target driving position of the focusing lens 
unit 203 to the target driving position, focus detection by 
the contrast detection method is performed on the image 
plane to obtain an in-focus state. 

[0055] In the conventional camera systems performing 

hybrid AF by the phase difference detection method and the 
contrast detection method, after the focusing lens unit is 
driven to the target driving position and stopped at the 
position, fine adjustment by the contrast detection method 
is made. For this reason, there are cases where the lens 
driving direction is reversed from the former one when the 
focusing lens is driven by the contrast detection method and 
this makes the camera operator uncomfortable. 
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[0056] Therefore, in the present embodiment, the frequency 
with which the driving direction of the focusing lens unit 
203 is reversed at the time of switching to the contrast 
detection method is reduced by switching the focus detection 
method at the position, which is the predetermined amount 
short of the target driving position. Moreover, the 
predetermined amount (20 pulses) is set in a range where the 
defocus amount can be calculated also by the contrast 
detection method. 

[0057] While in the present embodiment, the position D is 
set as the position, which is 20 pulses short of the target 
driving amount, the number of pulses short of the target 
diving amount may be changed according to other conditions. 
[0058] By the above-described focusing operation, the 

frequency with which the driving direction of the focusing 
lens unit 203 is reversed is reduced, and the camera 
operator is not made to sense discomfort. Moreover, the time 
required for obtaining an in-focus state can be 
significantly improved compared to the focusing operation 
performed all by the contrast detection method. Further, the 
high AF accuracy by the contrast detection method can be 
ensured. 

[0059] Figs. 2A and 2B are flowcharts showing the AF 

operation of the present embodiment, and show mainly the 
control operations of the camera controller 111 and the lens 
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controller 207. While the operations of the camera 
controller 111 and the lens controller 207 are shown 
together in these flowcharts for ease of explanation, they 
are structured as different programs in actuality. In Figs. 
2A and 2B, the parts marked with the same encircled numbers 
are related to each other. 

[0060] At step (abbreviated as S in the figures) 01, the 
camera controller 111 determines whether or not a highly 
accurate AF mode in which AF control is performed by using 
both the phase difference detection method and the contrast 
detection method is selected by the camera operator in the 
setting circuit 113 of the camera 100. When the highly 
accurate AF mode is selected, the process proceeds to step 
02. When it is not selected, the process shifts to another 
AF mode (step 21) and the control of the mode is performed. 
[0061] At step 02, the camera controller 111 determines 
whether an ON signal of the SW1 signal (SW1-ON signal) is 
inputted from the release switch 107 or not. When the SW1-ON 
signal is not inputted, the process including the 
determination at step 01 is on standby. When the SW1-0N 
signal is inputted, the process proceeds to step 03, and the 
camera controller 111 captures the current position 
information of the focusing lens unit 203 and the zoom lens 
unit 202 from the focusing lens position sensor 212 and the 
focal length sensor 209. The camera controller 111 transmits 
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to the lens controller 207 a command to transmit the focus 
sensitivity information corresponding to the lens position 
information, and the lens controller 207 reads out the focus 
sensitivity information corresponding to the transmission 
command from among the data stored in the storage circuit 
210, and transmits it to the camera controller 111. 
[0062] At step 04, the camera controller 111 captures the 
measurement result of the object brightness measured by the 
photometry unit 105, and sets the shutter speed, the 
aperture value and the sensitivity (image signal 
amplification factor) at the time of image-taking based on 
the photometry result. 

[0063] At step 05, the camera controller 111 captures a 

signal from the first focus detection unit 104 having 
performed focus detection by the phase difference detection 
method, calculates the defocus amount Df, and calculates the 
target driving amount (value expressed as the number of 
pulses) of the focusing lens unit 203 by using the defocus 
amount and the previously obtained lens position information 
and focus sensitivity information. The camera controller 111 
transmits information representative of the calculated 
target driving amount to the lens controller 207. Then, the 
process proceeds to step 06. 

[0064] At step 06, the lens controller 207 determines 

whether the received target driving amount is more than 20 
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pulses (P) or not. When the target driving amount is larger 
than 20 pulses, the process proceeds to step 07, and when it 
is not more than 20 pulses, the process proceeds to step 22. 
[0065] At step 07, the lens controller 207 selects a 

driving table (prestored in the storage circuit 210) of the 
focusing lens unit 203 based on the photometry data and the 
focus sensitivity information, accelerates the focusing lens 
unit 203 to the maximum speed under that condition (between 
A and B in Fig. 3), and drives the focusing lens unit 203 at 
a constant speed, which is the maximum speed to the position 
which is the difference when the driving amount required for 
the deceleration to the predetermined speed is subtracted 
from the position, which is 20 pulses short of the target 
driving position (between B and C in Fig. 3) . 

[0066] During this constant speed driving, at step 08, the 
camera controller 111 determines whether overlap control of 
AF is possible or not (whether the focusing lens unit 203 is 
being driven at a constant speed or not, whether a driving 
amount necessary for performing overlap control remains or 
not, etc.). When overlap control is possible, the process 
proceeds to step 09, and when it is impossible, the process 
proceeds to step 11. 

[0067] The overlap control as mentioned here is to 

calculate the defocus amount by the phase difference 
detection method also while the focusing lens unit 203 is 
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being driven and finely adjusts the target driving amount. 
Since this overlap control of AF is not performed while the 
focusing lens unit 203 is being accelerated or decelerated, 
the camera controller 111 determines whether overlap control 
is possible or not- at step 08. 

[0068] At step 09, the camera controller 111 calculates 
the defocus amount Df in the overlap control (shown by F2 to 
F4 in Fig. 3), and newly calculates the target driving 
amount by use of the focus sensitivity information at this 
time. Then, the camera controller 111 transmits information 
on the newly calculated target driving amount to the lens 
controller 207. 

[0069] At step 10, based on the target driving amount 

received at step 09, in order that the focusing lens unit 
203 can be driven at the predetermined speed from the 
position where the remaining driving amount to the target 
driving amount is the predetermined amount (20 pulses), the 
lens controller 207 decelerates the focusing lens unit 203 
from the position slightly short of the target position (C 
in Fig. 3) where the remaining driving amount of the 
focusing lens unit 203 becomes 20 pulses. 

[0070] At step 11, the lens controller 207 determines 

whether the remaining driving amount of the focusing lens 
unit 203 becomes more than 20 pulses or not. When the 
remaining driving amount is not more than 20 pulses, the 
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process proceeds to step 12, and when it is larger than 20 
pulses, the process returns to step 08. 

[0071] At step 12, the lens controller 207 drives the 

focusing lens unit 203 at the predetermined speed (between D 
and E in Fig. 3), and during this time, at step 13, 
switching to the AF control by the contrast detection method 
is made. The camera controller 111 performs AF evaluation 
value calculation (focus detection) by the contrast 
detection method (shown by F5 in Fig. 3), and transmits a 
lens driving command based on the result of the calculation 
to the lens controller 207. The lens controller 207 drives 
the focusing lens unit 203 in response to the driving 
command. Thereby, an in-focus state is obtained. 
[0072] As described above, according to the present 

embodiment, since switching of the focus detection method 
(that is, switching from the first driving control to the 
second driving control of the focusing lens unit 203) can be 
smoothly made without the focusing lens unit 203 being 
stopped (with the focusing lens unit 203 being driven) , the 
camera operator does not experience a feeling of discomfort. 
[0073] In the present embodiment, since switching to the 
focus detection and the focusing lens driving by the 
contrast detection method is made when the remaining driving 
amount to the target driving amount calculated based on the 
result of the focus detection by the phase difference 
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detection method becomes 20 pulses, the in-focus position at 
the time of the switching is situated ahead in the driving 
direction of the focusing lens unit 203. Further, the 
focusing lens unit 203 is already in the vicinity of the in- 
focus position at the time of the switching. Therefore, 
focus detection (AF evaluation value calculation) by the 
contrast detection method is possible in most cases, and by 
driving the focusing lens unit 203 based on the AF 
evaluation value under that condition, a highly accurate in- 
focus state is obtained. 

[0074] When the AF evaluation value cannot be accurately 
calculated such as when the object is low in contrast, an 
in-focus state can be obtained by driving the focusing lens 
unit 203 as it is with reference to the AF evaluation value 
and when the AF evaluation value decreases, returning the 
focusing lens unit 203 to the position where it is situated 
before the AF evaluation value decreases. 

[0075] Then, at step 14, the camera controller 111 

determines whether an in-focus state is obtained or not. 
When an in-focus state is obtained, the process proceeds to 
step 15, and when it is not obtained, the process proceeds 
to step 12. 

[0076] At step S15, the camera controller 111 determines 
whether an ON signal of the SW2 signal (SW2-ON signal) is 
inputted from the release switch 107 or not. When the SW2-ON 
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signal is inputted, the process proceeds to step 16, and the 
camera controller 111 performs exposure control of the image 
pickup device 18. When the SW2-0N signal is not inputted, 
the process proceeds to step 17, and the camera controller 
111 performs AF evaluation value calculation by the contrast 
detection method, and again determines whether an in-focus 
state is obtained or not at step 18. When it is determined 
that an in-focus state is obtained at this step, the process 
returns to step 15, and the camera controller 111 determines 
the state of the SW2 signal. 

[0077] When it is determined that an in-focus state is not 
obtained at step 18, the process proceeds to step 19, and 
the camera controller 111 determines whether the AF 
evaluation value calculation by the contrast detection 
method could be performed or not. When the AF evaluation 
value calculation could be performed, at step 20, the camera 
controller 111 transmits to the lens controller 207 a 
command to drive the focusing lens unit 203 at the 
predetermined speed, and at step 17, performs in-focus state 
determination while referring to the AF evaluation value. 
When the defocus amount cannot be calculated at step 19, the 
process returns to step 02, and the camera controller 111 
performs focus detection by the phase difference detection 
method . 

[0078] When it is determined that the target driving 
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amount is not more than 20 pulses at step 06, at step 22, 
the lens controller 207 drives the focusing lens unit 203 at 
the predetermined speed under the condition at that time 
similar to step 12. Then, at step 23, the camera controller 
111 calculates the AF evaluation value by the contrast 
detection method similar to step 13, and at step 24, 
determines whether an in-focus state is obtained or not. 
When an in-focus state is obtained, the process proceeds to 
step 15. When it is determined that an in-focus state is not 
obtained, the process proceeds to step 25, and the camera 
controller 111 determines whether the AF evaluation value 
calculation by the contrast detection method could be 
performed or not similar to step 19. When the AF evaluation 
value calculation could be performed, the process proceeds 
to step 12. When the AF evaluation value calculation cannot 
be performed, the process returns to step 02. 

[0079] By carrying out the control as described above, 

highly accurate automatic focusing control can be performed 
while the time required for obtaining an in-focus state is 
shortened. 

[0080] (Embodiment 2) 

Fig. 5 shows the structure of a lens interchangeable 
camera system according to Embodiment 2 of the present 
invention. In the present embodiment, elements common to 
those of Embodiment 1 are denoted by the same reference 



CFV00107 AAFA 



- 30 - 

numerals, and descriptions thereof are omitted, 
[0081] In the present embodiment, instead of the first 

focus detection unit 104 using the phase difference 
detection method, according to Embodiment 1, a distance 
measurement sensor 501 as a first focus detection unit using 
the active method is provided. This first focus detection 
unit emits infrared light to the object 300 by use of an 
infrared-emitting diode (IrLED), and receives the infrared 
light reflected at the object 300 by a light receiving 
element. The camera controller 111 obtains the distance to 
the object 300 from the output of the light receiving 
element, and calculates the position of the focusing lens 
unit 203 where in-focus state is obtained with respect to 
the object 300 at the obtained distance (or reads out the 
position of the focusing lens unit 203 with respect to the 
object distance, from table data prestored in a memory) . 
Then, the camera controller 111 compares the position of the 
focusing lens unit 203 obtained from the focusing lens 
position sensor 212 with the position of the focusing lens 
unit 203 where an in-focus state is obtained, that is, 
detects the focusing state of the image-taking optical 
system, and calculates the target driving amount of the 
focusing lens unit 203. 

[0082] In the present embodiment, first, the focusing lens 
unit 203 is accelerated toward the position (target driving 
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position) corresponding to the target driving amount 
calculated based on the result of the detection by the first 
focus detection unit using the active method, and the 
focusing lens unit 203 is driven at a constant speed 
(maximum speed) determined by conditions such as the 
photometry value and the focus sensitivity. While the 
focusing lens unit 203 is being driven at this speed, focus 
detection by the active method is repeated as many times as 
possible, thereby appropriately correcting the target 
driving amount. 

[0083] Then, in order that the focusing lens unit 203 can 
be driven at the above-mentioned predetermined speed from 
the point where the remaining driving amount to the target 
driving amount becomes the predetermined amount (20 pulses 
in the present embodiment), the focusing lens unit 203 is 
decelerated from the position slightly short of the target 
position where the remaining driving amount becomes the 
predetermined amount. Then, when the remaining driving 
amount is not more than the predetermined amount, the 
focusing lens unit 203 is driven based on the result of the 
detection by the second focus detection unit using the 
contrast detection method, thereby obtaining a highly 
accurate in-focus state. 

[0084] By carrying out the control as described above, the 
focus detection method can be smoothly switched without the 
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focusing lens unit 203 being stopped (with the focusing lens 
unit 203 being driven) , so that the camera operator is not 
made to experience discomfort. Moreover , highly accurate 
automatic focusing control can be performed while the time 
required for obtaining an in-focus state is shortened, 
[0085] While in the above-described two embodiments, the 
focus detection method is switched when the remaining 
driving amount to the target driving amount becomes the 
predetermined amount, it may be performed to directly detect 
the position of the focusing lens unit 203 and switch the 
focus detection method when the detected position reaches 
the position where the remaining driving amount becomes the 
predetermined amount. While the predetermined amount as 
mentioned here is the number of pulses in the present 
embodiments, it may be changed according to the f -number and 
the focal length of the optical system and the permissible 
diameter of the circle of confusion of the camera. 
[0086] Moreover, the driving speed of the focusing lens 
unit 203 in performing focus detection by the second focus 
detection unit may be changed according to conditions such 
as the driving load of the focusing lens unit 203 and the 
temperature . 

[0087] Moreover, the numerical values described in the 

present embodiments may be changed. Further, while cases 
where the phase difference detection method and the contract 
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detection method are combined and the active method and the 
contrast detection method are combined as the focus 
detection method are described, another method (for example, 
a passive method) may be combined. 
[0088] (Embodiment 3) 

While lens interchangeable camera systems are described 
in the above-described embodiments, the present invention is 
applicable a camera which has a lens apparatus integrally. 
[0089] Fig. 6 shows the structure of a lens-incorporating 
camera according to Embodiment 3 of the present invention. 
The camera of the present embodiment performs AF control 
similar to that of Embodiment 1. In Fig. 6, elements common 
to those of Embodiment 1 or 2 are denoted by the same 
reference numerals, and descriptions thereof. are omitted. 
[0090] A camera controller 600 has both of the functions 
of the camera controller and the lens controller in 
Embodiment 1 or 2, and executes the part of the flowcharts 
of Figs. 2A and 2B except the part of communications between 
the camera and the lens to perform AF control. 

[0091] As described above, according to the above- 

described embodiments, the behavior of the focusing lens is 
stabilized, and automatic focusing control can be performed 
without the camera operator being made to experience 
discomfort. Further, the time required for obtaining an in- 
focus state can be shortened and focusing accuracy can be 
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enhanced. 

[0092] By performing the driving of the focusing lens 

(unit) by the second driving control at a constant speed 
lower than the maximum speed of the focusing lens in the 
first driving control, driving of the focusing lens suitable 
for the in-focus detection by the second focus detection 
unit can be performed, so that the time required for 
obtaining an in-focus state can be further shortened. 
[0093] While preferred embodiments have been described, it 
is to be understood that modification and variation of the 
present invention may be made without departing from scope 
of the following claims. 



